Introduction
============

Gastric cancer (GC), one of the most common malignancies, is divided into intestinal-type, diffuse-type, mixed-type and uncertain GC by Lauren\'s Classification, and intestinal-type GC is the main type of GC in China. Studies have demonstrated that intestinal-type GC develops through a sequence of histological changes (Correa\'s cascade) from diffuse chronic gastritis to intestinal metaplasia (IM), dysplasia, and finally invasive carcinoma.^\[[@R1]\]^ Lesions formed from IM, the trans-differentiation of the gastric epithelium to an intestinal cell type, are crucial to the development of intestinal-type GC. While IM is thought to be a protective response against inflammation, some research suggests that IM increases the risk of intestinal-type GC tumorigenesis.^\[[@R2]\]^ However, the precise mechanism by which IM progresses to intestinal-type GC is not yet fully understood.

Casein kinase 2 interacting protein 1 (CKIP-1), a newly discovered casein kinase 2 (CK2)-interacting protein,^\[[@R3]\]^ is a scaffold protein that mediates multiple protein interactions and plays an important role in bone development, tumorigenesis, tumor development, muscle cell differentiation, and immunomodulatory function.^\[[@R4]--[@R9]\]^ In a previous study,^\[[@R10]\]^ we reported that CKIP-1 also acts as a candidate tumor suppressor in intestinal-type GC. IM is mostly induced by *Helicobacter pylori* infection and the expression of caudal type homeobox transcription factor (CDX). CDX, a mammalian member of the caudal-related homeobox gene family, plays an important role in the differentiation of intestinal cells and maintaining the intestinal phenotype.^\[[@R11]\]^ CDX consists of three homologues, CDX1, CDX2, and CDX4. Among them, CDX1 plays a pivotal role in the development of IM and progression to intestinal-type GC.^\[[@R12],[@R13]\]^ Studies reported that CKIP-1 can participate in the regulation of multiple signaling pathways,^\[[@R14]\]^ including the Wnt/β-catenin signaling pathway,^\[[@R15]\]^ of which CDX1 might be a downstream target gene.^\[[@R16]--[@R18]\]^ Therefore, as we speculate that CKIP-1 regulates CDX1 expression through the Wnt/β-catenin signaling pathway to promote the occurrence and development of intestinal-type GC, CKIP-1 was the subject of the present study.

Methods
=======

Ethical approval
----------------

The Research Ethics Committee of Guizhou Provincial People\'s Hospital approved this study (2019 No. 54) and the study design was exempt from the requirement for informed consent. The waiver will not affect the rights and welfare of the subjects.

Patients and samples
--------------------

Sixty-seven gastroscopy biopsy specimens and surgically resected gastric specimens were obtained from the Department of Pathology, Guizhou Provincial People\'s Hospital of China from 2014 to 2017. Two senior pathologists reviewed the hematoxylin and eosin-stained sections to confirm the presence of chronic gastritis, IM, dysplasia and intestinal-type GC. Then 67 specimens were divided into four groups: gastric mucosa group, IM group, dysplasia group, and intestinal-type GC group. No patient had received any therapy before biopsy or surgery. The IM and dysplasia grades were determined using the updated Sydney scoring system.^\[[@R19]\]^ The IM samples were categorized as type I, type II, or type III IM^\[[@R20]\]^ by mucin histochemical staining.

Cell lines
----------

Human intestinal GC cell lines (well-differentiated MKN28 cells, moderately differentiated SGC7901 cells, poorly differentiated BGC823 cells, and AGS cells) and the 293T human renal epithelial cell line were obtained from the Shanghai Institutes of Biological Sciences Cell Bank. Cells were cultured in Dulbecco\'s modified Eagle medium (DMEM) (HyClone, Logan, Ut., USA) containing 10% fetal calf serum in a humidified atmosphere consisting of 5% CO~2~/95% air at 37°C.

Mucin histochemical staining
----------------------------

Mucin histochemical staining (high iron diamine \[HID\]/Alcian blue \[AB\], periodic acid/borohydride \[PB\]/KOH/periodic acid-Schiff \[PAS\]) was performed to assess the IM subtype. HID/AB staining was performed as described previously.^\[[@R21]\]^ Briefly, slides were immersed in an HID solution for 20 h at room temperature (RT) and then rinsed with deionized water and stained with AB (pH 2.5) for 20 min. PB/KOH/PAS staining was performed as described previously.^\[[@R22]\]^ Briefly, the slides were immersed in a periodate solution for 30 min at RT, rinsed with deionized water, stained with a boric acid-sodium borohydride solution for 1 h, rinsed with deionized water, and stained with KOH for 30 min and periodic acid for 5 min. After HID/AB staining, type I IM goblet cells were stained blue, and type III IM goblet cells were stained brown. If goblet cells were stained both blue and brown, further PB/KOH/PAS staining was carried out. Type II, IM cells were stained amaranth, while type III IM cells were not stained.

Immunohistochemistry
--------------------

Immunohistochemical (IHC) staining of gastroscopy biopsy specimens and surgically resected specimens for the CKIP-1, CDX1, and β-catenin proteins was performed as described previously.^\[[@R23]\]^ Briefly, the sections were treated with blocking buffer for 30 min at RT and then incubated with anti-CKIP-1 antibody (1:500 dilution in Tris-NaCl buffer; Abcam, Cambridge, UK), anti-CDX1 antibody (1:200 dilution in Tris-NaCl buffer; Abcam), and anti-β-catenin antibody (1:300 dilution in Tris-NaCl buffer; Abcam) at 4°C overnight. Next, the sections were rinsed in Tris-NaCl buffer and then incubated with biotinylated goat anti-rabbit immunoglobulin G (IgG) or goat anti-mouse IgG (diluted 1:200 in Tris-NaCl buffer; Abcam) for 60 min at RT. The sections were subsequently incubated with an avidin-biotinylated enzyme complex and 3,3'-diaminobenzidine (DAB).

The results of IHC for CKIP-1, CDX1, and β-catenin were independently scored by two observers. Staining was measured in five random fields in each area of interest. CKIP-1 and CDX1 were scored based on the percentage of positive cells and staining intensity. The percentage of positive cells was denoted by four scores as follows: \<5% (0), 6% to 25% (1), 26% to 50% (2), 51% to 75% (3), and \>75% (4). The staining intensity was scored as follows: negative (0), weak (1), moderate (2), and strong (3). The histologic score (H-score) for each sample was determined by the following formula: H-score = percentage score **×** intensity score. An overall score of 0 to 12 was calculated and graded as negative (score: 0--1), weak (score: 2--3), moderate (score: 4--8), or strong (score: 9--12). In this study, we defined specimens with negative and weak scores as the CKIP-1 or CDX1 low expression group and those with moderate and strong scores as the CKIP-1 or CDX1 high expression group. Cytoplasmic and/or nuclear staining for β-catenin indicated β-catenin-positive expression (in tumor cells displaying cytoplasmic and/or nuclear immunoreactivity for β-catenin) or β-catenin-negative expression (the absence of cytoplasmic or nuclear staining for β-catenin). The percentage of positive cells was denoted by three scores as follows: 1% to10% (1), 11% to 50% (2), and \>50% (3). The staining intensity was scored as follows: weak (1), moderate (2), and strong (3). The H-score was calculated as follows: H-score = percentage score **×** intensity score. In this study, we defined specimens negative for β-catenin expression and those with an H-score 1 to 4 as the low β-catenin expression group and specimens with an H-score **\>**4 as the high β-catenin expression group.^\[[@R24]\]^

Plasmids, lentiviral production, and infection
----------------------------------------------

The sequence 5′-CCTGAGTGACTATGAGAAGCTTCTCATAGTCACTCAGG-3′ was designed and cloned into the pLKO.1 vector (Addgene plasmid \#1864) to generate a lentiviral plasmid to produce CKIP-1 short hairpin RNA (shRNA). CKIP-1 cDNA was subcloned into the pLenti CMV vector (Addgene plasmid \#17482) to obtain a lentiviral over-expression plasmid. Empty plasmid was used as a negative control. Lentiviruses were produced and transfected as previously described.^\[[@R10]\]^ Infectious lentiviruses were produced by co-transfection of the expression vector and packaging plasmids into 293T cells, which were then added to SGC7901 or BGC823 cells in the presence of 8 mg/mL polybrene. At 48 h post-infection, infected cells were selected using 1 μg/mL puromycin for approximately 14 days to generate stable transfectants.

Treatment of GC cells with the Wnt/β-catenin pathway inhibitor DKK-1 and activator LiCl
---------------------------------------------------------------------------------------

SGC7901 cells, BGC823 cells, and CKIP-1 shRNA and CKIP-1 over-expression SGC7901 and BGC823 cells were treated with the Wnt/β-catenin pathway inhibitor DKK-1 (200 ng/mL; Peprotech, Rocky Hill, NJ, USA) or the Wnt/β-catenin pathway activator LiCl (10 mmol/L; Sigma-Aldrich Chemical Company, St. Louis, MO, USA) for 24 h.

Western blotting
----------------

The cellular protein levels of CKIP-1, CDX1, β-catenin, Ki-67, and Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) were detected by Western blotting as described previously.^\[[@R23]\]^ Briefly, the total protein was extracted, and proteins were separated by 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis and then transferred onto polyvinylidene difluoride (PVDF) membranes. After blocking with 5% dry milk, the Polyvinylidene difluoride (PVDF) membranes were incubated with anti-CKIP-1 antibody (1:1000 dilution; Abcam), anti-CDX1 antibody (1:2000 dilution; Abcam), anti-β-catenin antibody (1:2000 dilution; Abcam), anti-Ki-67 antibody (1:1000 dilution; Abcam), or anti-GAPDH antibody (1:20,000 dilution; Sigma) for 120 min at RT. After washing, the membranes were incubated with Horseradish peroxidase (HRP)-conjugated goat anti-rabbit IgG or HRP-conjugated goat anti-mouse IgG for 90 min at RT. Finally, the polyvinylidene difluoride (PVDF) membranes were incubated with Enhanced chemiluminescence (ECL) Plus reagent for 5 min, and signals were visualized by exposure to hyper performance chemiluminescence film. The intensity of each signal on the film was quantitated using a computer-assisted imaging system and normalized to the corresponding signal for GAPDH. Finally, the relative level of each protein was determined and is expressed as a percentage compared to the control group (100%).

Statistical analysis
--------------------

Statistical analyses were performed using SPSS software version 20.0 (IBM, Armonk, NY, USA). Qualitative variables within groups are expressed as frequencies and percentages. The Chi-squared test was used to analyze qualitative data. Quantitative variables are expressed as the mean ± standard deviation (SD). Quantitative data were compared by the *t* test or one-way analysis of variance to determine if differences were statistically significant. Correlations were evaluated by Spearman correlation analysis. A *P* \< 0.05 indicated a statistically significant difference.

Results
=======

Expression of CKIP-1 and CDX1 in gastric mucosal epithelium, IM, dysplasia, and intestinal-type GC samples
----------------------------------------------------------------------------------------------------------

CKIP-1 was mainly expressed in the cytoplasm. CKIP-1 expression in gastric mucosal epithelium cells was negative or weak; however, CKIP-1 expression in IM cells was strikingly high. The proportion of samples showing high CKIP-1 expression was significantly higher in the IM group than in the gastric mucosa group (*χ*^2^ = 68.791, *P* \< 0.001). The expression of CKIP-1 was slightly lower in the dysplasia group than in the IM group, but this difference was not significant. Furthermore, compared with the IM and dysplasia groups, CKIP-1 expression was significantly decreased in the intestinal-type GC group (*χ*^2^ = 15.045, *P* \< 0.001; *χ*^2^ = 8.995, *P* = 0.003).

All CDX1-positive cases showed CDX1 nuclear staining. Most of the cases did not exhibit CDX1 expression in the gastric mucosal epithelium. Only six of 67 cases exhibited weak CDX1 staining in the gastric mucosal epithelium. However, all IM cases exhibited positive CDX1 expression, and most IM cases showed moderate or strong staining for CDX1. The proportion of samples showing high CDX1 expression was significantly higher in the IM group than in the gastric mucosa group (*χ*^2^ = 96.205, *P* \< 0.001). Similar to the expression of CKIP-1, the proportion of samples in the dysplasia group showing high CDX1 expression was slightly lower than that in the IM group, but this difference was not statistically significant. CDX1 expression was lower in intestinal-type GC tissues, and the proportion of samples in the intestinal-type GC group showing high CDX1 expression was significantly lower than that in the IM and dysplasia groups (*χ*^2^ = 7.383, *P* = 0.007; *χ*^2^ = 4.345, *P* = 0.037). The expression levels of CKIP-1 and CDX1 in gastric mucosa, IM, dysplasia, and intestinal-type GC patient tissues are shown in Figure [1](#F1){ref-type="fig"} and Table [1](#T1){ref-type="table"}.

![The expression of casein kinase 2 interacting protein 1 (CKIP-1) and caudal-related homeobox 1 (CDX1) in gastric mucosal epithelial cell (black arrow), intestinal metaplasia (IM) cells (black arrow), dysplasia cells (black arrow), and intestinal-type gastric cancer (GC) cells (black arrow) (EnVision, scale bar = 100 μm).](cm9-133-154-g001){#F1}

###### 

The expression of CKIP-1 and CDX1 in gastric mucosal, IM, dysplasia, and intestinal-type GC patient tissues, *n* (%).
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We also analyzed the relationships between CKIP-1 and CDX1 expression levels and the IM type and grade, dysplasia grade, and differentiation in intestinal-type GC tissues from patients \[Table [2](#T2){ref-type="table"}\]. Both CKIP-1 and CDX1 expression levels were associated with the differentiation of intestinal-type GC (*r* = −0.463, *P* = 0.003; *r* = −0.362, *P* = 0.022). The less differentiated the intestinal-type GC cells were, the lower the expression of CKIP-1 and CDX1. However, there was no significant correlation between the expression of CKIP-1 and CDX1 and the IM type or grade or the dysplasia grade. Spearman correlation analysis showed that CKIP-1 expression was positively correlated with CDX1 expression in the IM, dysplasia, and intestinal-type GC groups (*r* = 0.771, *P* \< 0.001; *r* = 0.597, *P* \< 0.001; *r* = 0.654, *P* \< 0.001, respectively) \[Table [3](#T3){ref-type="table"}\]. CKIP-1 and CDX1 expression levels in tissues with different types of IM and different levels of intestinal-type GC differentiation are shown in Figures [2](#F2){ref-type="fig"} and [3](#F3){ref-type="fig"}.

###### 

The relationship between CKIP-1 and CDX1 expression and the IM type and grade, dysplasia grade, and the differentiation of intestinal-type GC in patient tissues, *n* (%).
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###### 

The correlation between CKIP-1 and CDX1 expression levels in different gastric mucosa lesions and intestinal-type GC tissues.
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![The expression levels of casein kinase 2 interacting protein 1 (CKIP-1) and caudal-related homeobox 1 (CDX1) in patients with different types of intestinal metaplasia (IM) (black arrow shows I, II, and III type IM cells) (high iron diamine \[HID\]/Alcian blue \[AB\], periodic acid/borohydride \[PB\]/KOH/periodic acid-Schiff \[PAS\]; EnVision, scale bar = 100 μm).](cm9-133-154-g005){#F2}

![The expression levels of casein kinase 2 interacting protein 1 (CKIP-1) and caudal-related homeobox 1 (CDX1) in differently differentiated intestinal-type gastric cancer (GC) patient tissues (black arrow shows intestinal-type GC cells) (EnVision, scale bar = 100 μm).](cm9-133-154-g006){#F3}

Expression of CKIP-1 and CDX1 in intestinal-type GC cell lines
--------------------------------------------------------------

We also detected the expression of CKIP-1 and CDX1 in intestinal-type GC cell lines and observed their relationship \[Figure [4](#F4){ref-type="fig"}\]. The CKIP-1 and CDX1 expression differences among the four groups were statistically significant (*F* = 12.330, *P* = 0.002; *F* = 11.614, *P* = 0.003). Similar to the results observed in tissue samples, the less differentiated the cancer cells were, the lower the CKIP-1 expression (LSD-t = 2.653, *P* = 0.029; LSD-t = 5.152, *P* = 0.001; LSD-t = 5.240, *P* = 0.001; LSD-t = 2.499, *P* = 0.037; LSD-t = 2.586, *P* = 0.032, respectively) and CDX1 expression levels (LSD-t = 2.433, *P* = 0.041; LSD-t = 5.037, *P* = 0.001; LSD-t = 5.002, *P* = 0.001; LSD-t = 2.604, *P* = 0.031; LSD-t = 2.568, *P* = 0.033, respectively). Spearman correlation analysis showed that CKIP-1 expression was positively correlated with CDX1 expression in intestinal-type GC cell lines (*r* = 0.811, *P* = 0.001).

![The expression levels of casein kinase 2 interacting protein 1 (CKIP-1) (A), caudal-related homeobox 1 (CDX1) (B), and their relationship (C) in intestinal-type gastric cancer (GC) cell lines. ^∗^*P* \< 0.05 and ^∗∗^*P* \< 0.01 compared to MKN28 cells; ^†^*P* \< 0.05 compared to SGC7901 cells.](cm9-133-154-g007){#F4}

CDX1 expression in CKIP-1 shRNA and CKIP-1 over-expression SGC7901 and BGC823 cells
-----------------------------------------------------------------------------------

After establishing CKIP-1 shRNA transfection and CKIP-1 over-expression SGC7901 and BGC823 cell models, we detected CDX1 expression in these cells. The CDX1 expression differences in SGC7901 and BGC823 cell among the three groups were statistically significant (*F* = 21.484, *P* = 0.002; *F* = 20.125, *P* = 0.002). As shown in Figure [5](#F5){ref-type="fig"}, compared with CDX1 expression in the control groups, CDX1 expression was lower in CKIP-1 shRNA SGC7901 cells (LSD-t = 3.611, *P* = 0.011) and in CKIP-1 shRNA BGC823 cells (LSD-t = 2.918, *P* = 0.027), and CDX1 expression was higher in CKIP-1 over-expression SGC7901 cells (LSD-t = −2.932, *P* = 0.026) and CKIP-1 over-expression BGC823 cells (LSD-t = −3.419, *P* = 0.014).

![The expression levels of caudal-related homeobox 1 (CDX1) in casein kinase 2 interacting protein 1 (CKIP-1) shRNA and CKIP-1 over-expression SGC7901 and BGC823 cells. ^∗^*P* \< 0.05 compared to the control group.](cm9-133-154-g008){#F5}

β-Catenin expression in intestinal-type GC tissue samples and CKIP-1 shRNA and over-expression SGC7901 cells
------------------------------------------------------------------------------------------------------------

Distinct membranous β-catenin staining and rare cytoplasmic or nuclear β-catenin staining were observed in the adjacent normal gastric mucosa epithelium \[Figure [6](#F6){ref-type="fig"}A\]. However, reduced or even undetectable membranous and cytoplasmic and/or nuclear staining for β-catenin was commonly observed in intestinal-type GC tissues \[Figure [6](#F6){ref-type="fig"}B--D\]. In the CKIP-1 low expression group, the proportion of samples showing high β-catenin expression (15/19, 78.9%) was significantly increased compared with the CKIP-1 high expression group (7/21, 33.3%); correlation analysis showed that CKIP-1 expression was negatively correlated with β-catenin expression in intestinal-type GC patients (*r* = −0.458, *P* \< 0.001). The β-catenin expression differences among the control group, CKIP-1 shRNA group and CKIP-1 over-expression group were statistically significant (*F* = 22.060, *P* = 0.002). The β-catenin expression was increased in the CKIP-1 shRNA group (LSD-t = −2.587, *P* = 0.041) and decreased in the CKIP-1 over-expression group (LSD-t = 4.005, *P* = 0.007) compared with the control groups \[Figure [6](#F6){ref-type="fig"}E\].

![β-Catenin expression in normal gastric mucosa (A, white arrow shows gastric mucosa epithelial β-catenin membranous expression) and intestinal-type gastric cancer (GC) tissue samples (B--D, white arrow shows intestinal-type GC cell β-catenin cytoplasmic expression; black arrow shows intestinal-type GC cell β-catenin nuclear expression) (EnVision, scale bar = 100 μm), β-catenin expression in casein kinase 2 interacting protein 1 (CKIP-1) shRNA and over-expression SGC7901 cells (E). ^∗^*P* \< 0.05 compared to the control group.](cm9-133-154-g009){#F6}

CDX1 expression in GC cells after treatment with the Wnt/β-catenin pathway inhibitor DKK-1 and activator LiCl
-------------------------------------------------------------------------------------------------------------

CDX1 expression in SGC7901 and BGC823 cells after their treatment with the Wnt/β-catenin pathway inhibitor DKK-1 and activator LiCl were observed. The CDX1 expression differences in SGC7901 and BGC823 cells among the three groups were statistically significant (*F* = 14.390, *P* = 0.005; *F* = 17.706, *P* = 0.003). As shown in Figure [7](#F7){ref-type="fig"}A, compared with the control group, CDX1 expression was increased in SGC7901 cell (LSD-t = −2.565, *P* = 0.043) and BGC823 cells (LSD-t = −2.689, *P* = 0.036) after treatment with DKK-1, and the opposite effect was observed in SGC7901 cell (LSD-t = 2.798, *P* = 0.031) and BGC823 cells (LSD-t = 3.253, *P* = 0.017) after their treatment with LiCl. Then, we observed CDX1 and Ki-67 expression in CKIP-1 shRNA SGC7901 and BGC823 cells after their treatment with DKK-1 and in CKIP-1 over-expression SGC7901 and BGC823 cells after their treatment with LiCl. Compared with the CKIP-1 shRNA group, CDX1 expression was higher (*t* = −6.760, *P* = 0.002; *t* = −3.659, *P* = 0.022) and Ki-67 expression was lower (*t* = 4.398, *P* = 0.012; *t* = 2.843, *P* = 0.047) in the CKIP-1 shRNA SGC7901 and BGC823 cells group after DKK-1 treatment. In contrast, CDX1 expression was lower (*t* = 6.245, *P* = 0.003; *t* = 4.925, *P* = 0.008), and Ki-67 expression was higher (*t* = −6.272, *P* = 0.003; *t* = −2.801, *P* = 0.049) in the CKIP-1 over-expression SGC7901 and BGC823 cells group after treatment with LiCl \[Figure [7](#F7){ref-type="fig"}B\].

![The expression of caudal-related homeobox 1 (CDX1) and Ki-67 in SGC7901 cells, BGC823 cells, and casein kinase 2 interacting protein 1 (CKIP-1) shRNA and CKIP-1 over-expression SGC7901 and BGC823 cells treated with DKK-1 and LiCl. (A) CDX1 expression in SGC7901 and BGC823 cells treated with DKK-1 and LiCl. (B) CDX1 and Ki-67 expression in CKIP-1 shRNA and CKIP-1 over-expression SGC7901 and BGC823 cells treated with DKK-1 and LiCl. ^∗^*P* \< 0.05 compared to the control group. ^†^*P* \< 0.05 compared to the CKIP-1 shRNA or CKIP-1 over-expression group.](cm9-133-154-g010){#F7}

Discussion
==========

Although it is widely accepted that chronic gastritis progresses to IM, dysplasia, and finally GC, the precise molecular alterations underlying the progression of this pathway remain to be delineated.^\[[@R25]\]^ In the current study, we determined the expression levels of CKIP-1 and CDX1 in gastric mucosa, IM, dysplasia, and intestinal-type GC samples from patients by immunohistochemical staining. Our results showed that CKIP-1 was mainly absent or weakly expressed in the gastric mucosal epithelium; however, CKIP-1 expression was strikingly increased in IM lesions. CDX1 was not expressed in the gastric mucosa of most cases but was positively expressed in the nuclei of IM cells in all cases, which is consistent with the results of studies by Silberg *et al*^\[[@R26]\]^ and Eda *et al*.^\[[@R27]\]^ This result indicated that CKIP-1 is normally weakly expressed in the gastric mucosal epithelium, but upon IM, the gastric mucosal epithelium obtains an intestinal phenotype and expresses high levels of CKIP-1; and CDX1 may play an important role in the formation of IM. Compared with the IM and dysplasia groups, CKIP-1 and CDX1 expression were lower in the intestinal-type GC group; CKIP-1 and CDX1 expression gradually decreased from the IM group to the dysplasia group to the intestinal-type GC group. These results suggested that CKIP-1 and CDX1 acts as a tumor suppressor in the development of intestinal-type GC. The role of CDX1 in GC remains controversial. Some prior studies reported that the CDX1 expression level in GC tissues was significantly higher than that in control tissues and that CDX1 expression was higher in poorly differentiated GC tissues than in well-differentiated GC tissues.^\[[@R13],[@R28]\]^ In contrast, several studies in surgical specimens reported a reduction in CDX1 in GC compared to IM, indicating that CDX1 plays the role of "tumor suppressor" in tumorigenesis.^\[[@R26],[@R29]\]^ Our previous study showed that CDX1 expression was lower in intestinal-type GC patients with a poorer clinical prognosis; CDX1 over-expression could significantly inhibit the invasion of intestinal-type GC cell lines (data not shown). So we consider that CDX1 might serve as a tumor suppressor gene in intestinal-type GC tumorigenesis. In this study, both CKIP-1 and CDX1 expression levels in the dysplasia group were only slightly lower than those in the IM group, and these differences were not statistically significant. We believe the following reasons explain these differences in CKIP-1 and CDX1 expression levels. Dysplasia can be divided into two types. The first type of dysplasia is dysplasia of the intrinsic epithelium of the gastric mucosa, and the second type of dysplasia is dysplasia of the IM. Diffuse-type GC is believed to develop from dysplasia of the intrinsic epithelium of the gastric mucosa, while intestinal-type GC develops from dysplasia of the IM. The dysplasia cells assessed in this study exhibited dysplasia of the IM. The difference in CKIP-1 and CDX1 expression between the IM and dysplasia groups might be small and insufficient for detection by IHC. In addition, we observed the relationships between CKIP-1 and CDX1 expression and the type and grade of IM, grade of dysplasia and level of intestinal-type GC differentiation. The expression of CKIP-1 and CDX1 tended to decrease from well-differentiated to moderately differentiated to poorly differentiated intestinal-type GC tissues. In intestinal-type GC cell lines, we observed the same results. Poorly differentiated tumor cells are characterized by a high degree of cell atypia; the higher the degree of the malignancy, the more prone cells are to invasion and metastasis, and the more advanced the clinical stage is. These results suggest that both CKIP-1 and CDX1 negatively regulate malignancy in the development of intestinal-type GC. However, our data did not show that CKIP-1 and CDX1 expression was significantly associated with the type and grade of IM or the grade of dysplasia. Follow-up epidemiologic studies showed a faster progression rate to GC in incomplete IM than in complete IM.^\[[@R30]\]^ IM might progress from type I to type III IM,^\[[@R31]\]^ and the risk of developing intestinal-type GC was shown to be significantly higher in types II and III IM than in type I IM.^\[[@R32],[@R33]\]^ There have been only a few studies on CKIP-1 and CDX1 expression in intestinal-type GC. In addition, due to the small number of patient cases in the current study, it will be necessary to increase the number of cases in future studies to clarify the relationship between CKIP-1 or CDX1 and the type and grade of IM or grade of dysplasia.

The Wnt/β-catenin signaling pathway plays a very important role in the tumorigenesis and progression of various tumors. Studies have indicated that the Wnt/β-catenin signaling pathway is abnormally activated in GC cells.^\[[@R34],[@R35]\]^ CKIP-1 is a scaffold protein that may play an important role in regulating a variety of signaling pathways, including the Wnt/β-catenin pathway.^\[[@R14],[@R15]\]^ Zhou *et al*^\[[@R15]\]^ reported that CKIP-1 silencing significantly promoted the expression of Wnt3a and β-catenin in new bone of distraction osteogenesis animal models. CDX1 was confirmed as a downstream target gene of the Wnt/β-catenin signaling pathway during intestinal morphogenesis or fetal endoderm development.^\[[@R16],[@R18],[@R36]\]^ To explore if CKIP-1 may regulate CDX1 expression through the Wnt/β-catenin signaling pathway in the transformation of IM to intestinal-type GC and the formation of intestinal-type GC, we first investigated the relationship between CKIP-1 and CDX1 expression in patient samples and cell lines. Our data indicated that CKIP-1 expression was positively correlated with CDX1 expression in IM, dysplasia, and intestinal-type GC samples and cell lines. To further explore whether CKIP-1 influences CDX1 expression, we also established CKIP-1 shRNA and CKIP-1 over-expression groups of SGC7901 and BGC823 cells, which showed moderate and lower levels of CKIP-1 expression, respectively, and detected CDX1 expression in these cell models. We found that CDX1 expression was decreased in the CKIP-1 shRNA groups, CDX1 expression was increased in the CKIP-1 over-expression groups compared to the control groups. These data suggested that CKIP-1 positively regulates the expression of CDX1 in intestinal-type GC cells.

β-Catenin acts as a co-activator of transcription factors involved in the canonical Wnt signaling pathway. Dysfunction of this regulatory pathway may result in the accumulation of a hypophosphorylated stable form of β-catenin in the cytoplasm, which is translocated to the nucleus, where it binds the high mobility group domain factors Tcf/LEF and stimulates the transcription of target genes.^\[[@R37]\]^ We also evaluated the expression level and subcellular location of β-catenin in intestinal-type GC tissue samples by IHC staining and analyzed its correlation with CKIP-1 expression to explore whether CKIP-1 regulates Wnt/β-catenin signaling pathway in intestinal-type GC. Our immunohistochemical analysis showed that the normal gastric mucosa epithelium showed membranous β-catenin expression but not cytoplasmic or nuclear β-catenin expression; however, reduced or even undetectable membranous and cytoplasmic and/or nuclear β-catenin staining were commonly observed in GC cells. In addition, we found that in the CKIP-1 low expression group, the proportion of samples showing high β-catenin expression was significantly increased compared with the CKIP-1 high expression group, correlation analysis also showed that CKIP-1 expression was negatively correlated with β-catenin expression in intestinal-type GC patients. In addition, Western blotting results showed that β-catenin expression was increased in CKIP-1 shRNA SGC7901 cells and decreased in CKIP-1 over-expression SGC7901 cells compared with the control groups. All these data imply that the down-regulation of CKIP-1 expression activates the Wnt/β-catenin signaling pathway in GC cells. Only a few data regarding whether the oncogenic activation of this pathway also stimulates CDX1 in tumor cells are available. Interestingly, somewhat conflicting observations on the regulation of CDX1 gene expression by Wnt/β-catenin signaling in human colon cancer were reported.^\[[@R38],[@R39]\]^ In this study, we detected CDX1 expression in GC SGC7901 and BGC823 cells after their treatment with the Wnt/β-catenin signaling pathway inhibitor DKK-1 and activator LiCl. Our data demonstrated that CDX1 expression in GC cells was increased after treatment with DKK-1 and decreased after treatment with LiCl, which suggested that CDX1 may be negatively regulated by the Wnt/β-catenin signaling pathway in GC cells. Next, we investigated CDX1 and Ki-67 expression in CKIP-1 shRNA or over-expression SGC7901 and BGC823 cells after treatment with DKK-1 and LiCl. CDX1 expression was increased, and Ki-67 expression was decreased after treatment with DKK-1. In contrast, CDX1 expression was decreased, and Ki-67 expression was increased after treatment with LiCl. All these data suggest that CKIP-1 down-regulation activates the Wnt/β-catenin signaling pathway to inhibit CDX1 expression and promote the proliferation of GC cells, which might be one of the reasons why CKIP-1 down-regulation causes tumorigenesis and the development of intestinal-type GC.

Based on the above results, we hypothesize that IM is a protective response against inflammation injury. However, the expression of CKIP-1, which serves as a tumor suppressor gene, decreases in the progression from IM to dysplasia to intestinal-type GC. CKIP-1 might positively regulate the Wnt/β-catenin signaling pathway to down-regulate CDX1 expression and promote the transformation to intestinal-type GC. This result is of great significance for understanding the mechanisms by which intestinal-type GC occurs and develops. However, this study is only preliminary, and the details of this regulatory mechanism should be clarified by further research.
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